The aim of this study was to evaluate the influence of iron deficiency on the thyroidal function and hormone T 3 and T 4 concentration in piglets before weaning. We used 40 Landrace × Czech Large White piglets before weaning in this trial. They were divided into two groups. The control group was supplemented with iron after birth, the experimental group was without iron supplementation after birth. Iron, T 3 and T 4 and haematology indicators were observed. Piglets in the experimental group developed serious anaemia. The iron serum concentration in the experimental group was significantly lower than in the control group. Significant difference in T 3 and T 4 hormone concentration was found between the experimental and the control group. At the age of 17 and 25 days we found the negative effect of iron deficiency on the thyroid hormone production.
Iron deficiency represents a serious problem in an intensive pig production. Piglets are born physiologically with a limited storage of iron (50 mg) (Zimmermann 1995) . From the milk or colostrum the piglet can receive only 1 mg of iron (Fe) per day (Kleinbeck and McGlone 1999) . However, the daily requirement is 7-10 mg (Venn et al. 1947) . Therefore, additional iron supplementation is necessary.
The most common method of iron supplementation is i.m. (intramuscular) injection of iron dextran or other forms of iron. A total dose of 200 mg is usually recommended (Radostits et al. 1994) . Without any preventive iron administration anaemia develops in piglets within 10-14 days after birth (Zimmermann 1995) . This is characterized as microcytic hypochromic anaemia (Radostits et al. 1994) . Besides direct effects of iron deficiency on red blood cell indices, this condition influences also other physiological functions. Iron-deficient piglets have an impaired resistance to infectious and parasitic diseases (Dubansky et al. 1997) . Suppression of humoral and cell mediated immunity was demonstrated in several studies (De Wayne et al. 1977; Egeli et al. 1998) . Iron-deficient piglets also show considerably lower growth rates than supplemented piglets (Radostits et al. 1994) . The mechanism of growth retardation is not completely understood. For instance the function of cytochromic enzymes, especially peroxidase and catalases is dependent on the amount of iron in cells (Bünger et al. 1988) .
Other factors to be considered are thyroid hormones. They can influence the metabolic rate and heat loss to environment (Brigham and Beard 1995) . The negative effect of iron deficiency on the thyroid function has been demonstrated in several studies. To our knowledge there are no literature data so far regarding this matter in pigs. Therefore, the aim of the trial was to evaluate the influence of iron deficiency on thyroid hormones in suckling piglets under specific conditions of a farrowing unit.
Materials and Methods

Experimental design
A total of 40 piglets of Landrace × Czech Large White breed before weaning were used in the study. The study was approved by the Ethics Committee of the University of Veterinary and Pharmaceutical Sciences Brno. The piglets were weaned at the age of 28 days. They were kept in the standard conditions of farrowing units. They were kept in the same pens with sows during the trial. Four different litters from four sows were used. They were fed with a standard "KPK diet" (with iron concentration of 160 mg/kg of feed) 14 days before parturition until weaning. The piglets were fed with a standard feed mixture "Weaning pellets Zn gr" (with iron concentration of 101 mg/kg of feed) and "Starter gr" (with iron concentration of 101 mg/ kg of feed). We used the principle of divided litters. We chose 4 (5) female piglets and 5 (6) male piglets from each sow and divided them into 2 groups (11 male and 9 female of each). All piglets were marked with a plastic ear tag. The piglets were weighed before each sampling. We used standard certificated and serviced laboratory scale to determine the weight of piglets. All animals used in this trial were kept in these groups until weaning. Group E was the experimental group with no iron supplementation after birth. Group C was the control group with iron supplementation after birth. This control group (C) was given a single i.m. injection of iron in form of the gleptoferronum complex (1 ml of Gleptosil inj. 100 ml (CEVA ANIMAL HEALTH Slovakia, s.r.o.), in concentration 200 mg/ml of preparation) at the age of 3 days. The experimental group (E) was given a single i.m. injection of iron in form of the gleptoferronum complex (1 ml of Gleptosil inj. 100 ml (CEVA ANIMAL HEALTH Slovakia, s.r.o.), in concentration 200 mg/ml of preparation) at the age of 17 days.
Sampling
Blood samples were taken at days 3, 10, 17, 26 of age of piglets. Blood was taken from vena cava cranialis (altogether, 80 samples from each group). After sampling, part of the blood sample was coagulated in special sterile tubes with serum accelerators for serum analysis. Concentrations of the thyroid hormones triiodthyronine (T 3 ) and tetraiodthyronine (T 4 ), and iron were determined. The rest of the blood samples was left in sterile tubes with EDTA for haematology indicators such as red blood cell count (RBC), haemoglobin concentration (HGB), microhaematocrit (PCV), mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), and mean corpuscular haemoglobin concentration (MCHC).
T 3 and T 4 analysis
Before analysis, samples of blood serum were thawed in a refrigerator (2-8 °C). Immulite -Immunoassay Analyzer, (DPC Cirrus Inc., Los Angeles, USA) was used for determination of T 3 and T 4 in serum. Probe Wash module, Siemens and Probe Cleaning KIT, (Siemens, USA) were used as flush solutions. Competitive enzymatic method was used for the final detection of T 3 and T 4 concentrations in the sample.
Iron analysis
The Solaar (Thermo Electron Corporation, England) machine was used for determination of iron in serum. The method of atomic absorption spectrometry was used.
Haematology indicators analysis
Mindway, BC -2800 Vet. machine was used for analysis of haematology indicators in EDTA blood samples. Dia Rinse D, Medesa, Dia Lyse Diff D-CF, Medesa, Dia EZ Cleanser D, Medesa, Probe Cleanser, Medesa (Czech Republic) were used as flush solutions. The method of colorimetry for detection of Hb was used. The method of impedance was used for other variables.
Statistical analysis
Statistical assessment was carried out using Unistat 5.6 for Excel software (Czech Republic). Data were tested for normality (Shapiro-Wilk test). Data did not satisfy normal distribution, therefore, non-parametric MannWhitney U test was applied to test the differences in measured indices between control and experimental group. Significance was accepted at P < 0.05. All data are reported as means ± standard error of the mean.
Results
T 3 and T 4 serum concentration
On day 3 of age of piglets there was no difference between the experimental (Group E) and the control group (Group C). The values were within the physiological range. On the 10 th day of age of piglets, a significant difference was found between Group E and Group C in T 3 hormone values. The T 3 values were within the physiological range in Group E. In T 4 hormone values, highly significant difference was found. On day 17 of age of piglets a significant difference was found between Group E and Group C in T 3 hormone values.
No differences were found in T 4 concentrations. Values in both groups were within the physiological range. On the 26 th day of age of piglets a significant difference between Group E and Group C was found in T 3 and T 4 hormone concentrations (Figs 1 and 2) . Data are expressed as means ± standard error of the mean. E -experimental group; C -control group; * P < 0.05; ** P < 0.01 T 4 = tetraiodthyronin
Iron serum concentration
On the 3 rd day of age of piglets there were no differences between the experimental and the control group. Both groups were within the physiological range. On day 10 of age of piglets the iron serum concentrations in the experimental group (Group E) were significantly lower than in the control group (Group C). On the 17 th day of age of piglets the iron serum concentrations in Group E were significantly lower than in Group C. On the 26 th day of age of piglets there were no differences between Group E and Group C (Fig. 3) .
Haematology indicators
On the 3 rd day of age of piglets there was no difference between the experimental (Group E) and the control group (Group C). The values were not within the physiological range. Data are expressed as means ± standard error of the mean. E -experimental group; C -control group; * P < 0.05; ** P < 0.01 Table 1 . Haematology indicators and differences between the experimental (E) and control group (C).
Data are expressed as means ± standard error of the mean. ** P < 0.01 RBC (red blood cells), HGB (haemoglobin concentration), PCV (microhaematocrit), MCV (mean corpuscular volume), MCH (mean corpuscular haemoglobin), MCHC (mean corpuscular haemoglobin concentration). On the 10 th day of age of piglets, a significant difference between Group E and Group C was found in all haematology indicators. However, in both groups the values were still within the physiological range. On the 17 th day of age of piglets a significant difference between Group E and Group C in was found. The control group was within the physiological range. On the 26 th day of age of piglets a significant difference between Group E and Group C was found again. The experimental group was still within the physiological range.
The differences in haematology indicators between Group E and C are described in Table 1 .
Weight of piglets
On the 3 rd day of age of piglets there was no difference between the experimental (Group E) and the control group (Group C). On the 10 th day of age of piglets a significant difference between Group E and Group C was found in the daily gain; being lower in Group E. On the 17 th day of age of piglets a significant difference between Group E and Group C was found in the daily gain; being lower in Group E. On the 26 th day of age of piglets no significant difference was found between Group E and Group C. The different weights in both groups are described in Table 2 .
Discussion
The effect of iron deficiency on serum concentration of thyroid hormones was evaluated in studies conducted on rats and human patients. It has been found that this deficiency lowers serum thyroid hormone concentrations and impairs peripheral conversion of T 4 to T 3 (Beard et al. 1989 ). The result is decreased utilization of thyroid hormones in tissues. The mechanism for these effects is unclear. One possible explanation is altered hypothalamic pituitary thyroid control in iron deficient rats (Beard et al. 1989) . The lower peripheral formation of T 3 can be related to decreased deiodinase activities caused by iron deficiency. For instance, Beard et al. (1989) demonstrated lower hepatic deiodinase activities in iron deficient rat.
The intensity of thyroid hormones deficiency caused by insufficient iron supply can differ among individuals. It can be influenced by the degree of anaemia, environmental temperature and metabolic rate of the studied organism (Beard et al. 1990) .
In this respect, suckling piglets can be considered as a unique subject of study. Piglets that are not supplemented with iron can develop a serious form of anaemia. Suckling piglets have high growth intensity; they double their weight from 1.5 to 3 kg during the first week (Jain 1986) . They normally reach four to five times their birth weight at the end of 3 weeks of age (Radostis et al. 1994) . We found lower weight gains in piglets without iron supplementation.
The haemoglobin concentration of 90 g·l -1 is considered by most authors as the limit, i.e. the point when anaemia starts to manifest by clinical symptoms and begins to exert a detrimental effect on weight (Furugouri 1975) . Reference values of 22-36 mmol·l -1 were given by Steinhardt et al. (1982) for plasma iron concentrations.
It is evident from the results of our study that the piglets in the experimental group developed serious anaemia. The values were found to be below physiological levels starting from the age of two weeks. After treatment with iron of the gleptoferronum complex on day 17 there was significant improvement of red blood cell indictors and iron concentration in blood plasma. As expected, iron deficiency had a detrimental effect on the growth rate of experimental piglets. Table 2 . Differences in piglet weight between the experimental (E) and control group (C).
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Data are expressed as means ± standard error of the mean. ** P < 0.01
Day of age
Group Weight (kg) 3 E 2.21 ± 0.09 C 1.80 ± 0.07 10 E 3.00 ± 0.08** C 3.44 ± 0.07 17 E 4.37 ± 0.09** C 4.73 ± 0.07 26 E 6.20 ± 0.16 C 6.43 ± 0.14 The iron deficiency anaemia had a negative effect on thyroid hormone concentrations under the conditions of our study. The T 3 concentrations in the experimental group were found to be lower than the control starting from day 7 of age and remained so till the end of the trial. The T 4 concentrations were comparable between experimental and control group during the first three weeks.
Lower values of T 4 were detected on day 25 after birth in the experimental group. This indicates that iron deficiency anaemia affected more seriously T 3 than T 4 concentrations. The possible explanation is that the impaired peripheral formation of T 3 due to decreased deiodinase activities caused by iron deficiency played a more important role than altered hypothalamic pituitary thyroid control.
